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T h i s  i s  a s t u d y  of  t h e  ~ t a t e  of  ma;netohpE.ro~fr r iz  

e q u i l i b r i u m  i n  a plasrrma wi th  a f r o z e n - i n  noizuniforlaz ~:i -se:Lc 

f i e l d ,  It i s  sliown, t h a t  c o n t r a r y  t o  t h e  c o n c l u s i o n  artcac?-.cl 51: 

f l  , 21, s u c h  a s t a t e  i s  s t a b l e ,  a consecuence , t h e  0-i -:-c;.l 

c a s e  stemXing from t h e  t h e o r y  o f  cI?ron:os?heric flares i- " -  c 

develo-p?cl in r e f e r e n c e s  [1 and 21, is  found t o  be 13cor--e--- e 

A s s e r t i o n  rras mzde i n  t h e  .iirorks [I-, 21 of  c,~i-.:~-cn"k> I - : ~ ~ ~ ~  

i l ~ s t a b i l i t y  i i l  t l ie  p1as~r i .a~  l e a d i n 3  t o  i t s  s , ~ ? o ~ ~ t a l ~ e o u r .  

n e a r  t h e  n e u t r a l  p o i n t  (-point where t h e  111a2;netic fiel.5. 

i s  z e r o  ) , T h i s  a s s e r t i o n  l i e s  a t t t h e  b s i s  8; t h e  r,l:~,.cr-~ -. 

nos-i3licric S l a r e s  on "c ie  Sun,  develo-oed i n  E l ,  21 a ~ . i  ,1- o :, I ,- 71, 
>- where i t  is  confounded s h m n n y  -places i~ritl?, t h e  idcba o C c '  - :I-:? 

e f l c c t .  

These p a s c r s  col?.sider "Lie one-climelisFonCd prok l : :~ :  o f  

pl=ma h e l ~ a v i o r  rrhen i t  c a r r i e s  a  f ~ o z e n - i n  n12~ae"cic ."le3 * 

------------- 
>Ir IT. voprosu  o  neus~I ;oycbivos t i  -r;laem;y v neodnorednor: a- ;l i ~ c > r *  -el- 
i o mekhanizne so lncchnykh vspgshek,  



t hus  when t h e  conduct iv i ty  S = F, under condi t ions  when t h e  

magnetic pressure  g rad ien t  t ends  t o  compress t h e  plasma. The 

conclusion of  i n s t a b i l i t y  is made on the  b a s i s  of t he  f a c t  t h a t  
2 at  a uniform a d i a b a t i c  coapressiom the  magnetic pressure  H / 8n 

2 i n c r e a s e s  as ? ( ? being  t h e  d e n s i t y  of t h e  plasma), whereas 

gas  pressure  p is  p ropor t iona l  t o  9' , with Y always < 2. 

However, t h e  d i f f e r ence  i n  t h e  laws o f  pressure  i nc rease  

cannot i n  i t s e l f  be t h e  cause of  spontaneous compression, f o r  t he  

dynamic behavior  of t h e  medium. i s  not  simply determined by pressu- 

r e ,  bu t  by its g rad ien t .  That is why the  reasonings brought ou t  

i n  E l ,  21, a r e  apparen t ly  based on t h e  assuroption t h a t  the  plasma- 
2 Y compressing magnetic pressure  g r a d i e n t  must a l s o  inc rease  by ? /? 

t imes f a s t e r  than  t h e  counterac t ive  compression of t he  gas pressu- 

r e  g r a d i e n t ,  and t h e  equi l ib r ium condi t ion  

may then  be only s a t i s f i e d  at random, This  assum@tion i s  i n c o r r e c t ,  

The v a r i a t i o n  of p ressure  g rad ien t  ( e i t h e r  magnetic o r  gas )  

is not  simply p ropor t iona l  t o  its i n i t i a l  va lue ,  bu t  depends a l s o  

on the  pressure  value i t s e l f :  i n  those r eg ions ,  where t h e  main 

c o n t r i b u t i o n  fo t o t a l  p ressure  is made by t h e  plasma, t he  gas pres- 

s u r e  g rad ien t  w i l l  r i s e  more r a p i d l y  than  the  pressure  i t s e l f ,  and 

v i c e  versa .  This  is easy t o  prove,  cons ider ing  f o r  i n s t ance  the  

v a r i a t i o n  of magnetic pressure  g rad ien t  a t  compression with a 

v e l o c i t y  v . U t i l i z i n g  t h r  f reeze- in  condi t ion  ( see  $or example [ 4 ] )  

we f i n d  



The last term of t h e  right-hand p a r t  of t h e  expression ( 3 )  
means exac t ly  t h a t  g rad ien t  v a r i a t i o n  of  magnetPC p re s su re  at a f i -  

xed $oin t  of t h e  plasma depends on the  pressure  valpe i t s e l f  too.  

Natura l ly ,  a s i m i l a r  r e s u l t  t a k e s  a l s o  p lace  f o r  gas pressure .  A t  

t h e  same t ime,  t o  preserve the  equil ibrium,compression must be 

g r e a t e r  i n  those regions where t he  p re s su re  is determined mainly 

by the  plasma, and sma l l e r  - where t h e  main r o l e  belongs t o  magne- 

t i c  p ressure .  

This  e f f e c t  w a s  no t  taken i n t o  account i n  works El, 21; 

t h e  gas and the  magnetic p re s su re s  were s u b s t i t u t e d  by t h e i r  mean 

va lues  i n  t he  whole reg ion ,  and t h e  compression was presumed uniform*. 

This  is what l e d  t o  the  erroneous deduction of uns tead t  s t a t e  satis- 

fy ing  the  equat ion (1). 

One may determine t h e  t r u e  cha rac t e r  of  t he  compression and 

convince himself  of t h e  absence of  any i n s t a b i l i t i e s  with t h e  a i d  

of  t h e  s tandard  method of  s m a l l  p e r tu rba t ions .  The probleq  is  def i -  

ned by t h e  fol lowing equat ions  ( i n  t h e  Lagrange form) : 

where x (a, t ) = a + 3 ( a ,  t )  i s  the  coordinate  of  t h e  ma te r i a l  

p o i n t ,  a is its i n i t i a l  va lue  a t  t = 0. L e t  u s  cons ide r  t h a t  i n  
- -- 

t he  i n r t i a l  s t a t e ~ ( ~ =  - 0, q y ( a ) , - ~  = - o & ) ~  H = H o ( a ) )  t h e  system i s  

i n  equi l ib r ium and pas ses ,  a s  a r e s u l t  of  s m a l l  p e r tu rba t ion  i n t o  
- -- - --- - - - -- --- .-_ - 

t h e  s t a t  p =-Po (a)- -I- P' (a,  t ) ,  - P = PO (a) + p' (a, t ) ,  H  = 8, ( a ) + p  (a ,  t ) ,  
where the  displacement f and t h e  q u a n t i t i e s  des igna tes  by I 
a r e  considered , s m a l l .  I f  we neg lec t  t he  q u a n t i t i e s  of  t he  second 

o r d e r  of smal lness ,  equa t ions  (4 )  may be transformed i n t o  t h e  fo l -  

lowing form: 
;, rn 

* The assumption about a undform (self-modeled) compression. is  
a l s o  found i n  t h e  work C51. However, i n  view of t h e  nonuniformity 
of  t h e  considered medium, t h e  assumption of  self-modelness 
is inapp l i cab le  



oa - - - -. - 

Since  the  c o e f f i c i e n t s  of  1 !se l i n e  

depend on t ime, the  s o l u t i o n s  may be sought- i n  

A t  the  same t ime,  wc 

o no t  

I( Mult ip ly ing  both p a r t s  o f  t he  equat ion T7) by and i n t e -  
w 

g r a t i n g  along the  whole range of va lues  a ,we s h a l l  ob t a in  

I Since a t  a = 2 oothe deformation may be deemed absens,  

f h e  last term i n  t he  right-hand p a r t  of t he  expression (8)  becomes 

ze ro  and i t  follovts from the  pos i t i veness  o f  s u b i n t e g r a l  expressions 

t h a t  

Therefore ,  t he  problem does no t  admit pe r tu rba t ions  t h a t  

would l e a d  t o  i n s t a b i l i t y  r e l a t i v e  t o  spontaneous compression (and 

a l s o  r a r e f a c t i o n ) ,  and t h i s  is i n  c o n t r a d i c t i o n  with t h e  conclusion . 
a r r i v e d  a t  i n  t h e  work El, 21. 

The case &I = 0 corresponds t o  t h e  condi t ion  p@,jj & 0. 4 
may be seen  from t h e  expression (8), i . e . i t  corresponds t o  t he  

s h i f t  of all t h e  system as a whole. I n  t h e  remaining cases  a31 per- 

t u r b a t i o n s  propagate i n  t h e  form of  waves (magnetoacoustic i n  the  

g iven  case)  with an amplitude dependent on the  coord ina te  a, as 

t h i s  must be i n  a spat ia l ly-nonuhiform medium, 



When the  pe r tu rba t ion  is  a d i a b a t i c a l l y  slow, we may 

neg lec t  the  acce le ra t ion  of the  mediuj, i. e. we may consider  
- 

t h a t  , a y d a  = cll I n  t h i s  case the  first of the  equations (5) de f ines  
-. 

t h e  law of compression . 

-- .- - -- --- - . _ _  --- + 

f o r  which t h e  equi l ibr ium condi t ion  is f u l f i l l e d  at every s t age .  - 
The c o y t a n t  C is  determined by the  value of  ,dvda-l  f o r  a c e r t a i n  

value A. == 
I 

A s  t h i s  follows from the  expression (10) and from the  
1 7 

condit ion ipo  i po (a) + 6; ~ 3 ~ )  collst~ (see ( I ) ,  po is the  t o t a l  - -----__ 
pressu re ) ,  t h e  compression w i l l  be g r e a t e r  where gas pressure is 

r e l a t i v e l y  high, and sma l l e r  i n  those regions where magnetic pres- 

s u r e  is  high. 

ADDENDUM AT CORIIECTION *. I n  order  t o  b e t t e r  i l l u s t r a t e  

the .  substance of t h e  above c r i t i c a l  observat ions,  I s h a l l  t ake  

the  l i b e r t y  t o  b r ing  f o r t h  a  simple example. I n  the  work by 

Severnyy refer red- to  above, an ~ e s s e n t i i d l y  nonuno form medium is 

considered, t h e  magnetic f i e l d  con t r ibu t ing  i n  i t s  var ious  por t ions  

t o  the t o t a l  e l a s t i c i t y  of t h e  system i n  d i f f e r e n t  fashions.  Such 

system is e n t i r e l y  analogus t o  s p r i n g  with a nonuniform hardness. 

It is qu i t e  obvious t h a t  a nonuniform s p r i n g  w i l l  compress i r regu-  
0 

1 a r l y : i t  w i l l  do s o  more where hardness is l e s s e r  and vice versa.  

However, i n  the  works by Severnyy refer red- to ,  t he  compression is 

assumed t o  be uniform i n  advance, while the  d i s rup t ion  of e q u i l i -  

brium as a  r e s u l t  of t h a t  a r t i f i c i a l  assumption is i n t e r p r e t e d  a s  

t h e  i n s t a b i l i t y  of the  considered system. The e r r o r s  contained i n  

* I have been made aware t h a t  t h i s   not.^ s h a l l  be published s i m u l -  
taneously with Severnyyls response. I-am not acquainted with the  
t e n o r  of h i s  paper.~?see ~j45.1 TT F-83779 



t he  works [l -- 3, 51 r e s i d e  p rec i se ly  the re ,  

* * *  THE END * * *  

I n s t i t u t e  of Physics i n  the  name of 
P. N. Lebedev 

of the  USSR Acad.of Sciences 

Received on 20 ~pr .1962.  
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